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A Higher-order Language for Describing

Microprogrammed Computers

Abstract

This report discusses the application of a higher-order
language for describing microprogram controlled computers. The
language is symbolic, algorithmic and descriptive. It is con-
cise and precise in describing computer elements, micro-operations,
sequences and microprograms. A simulator has been constructed
for simulating microprogrammed computers described in this lan-
guage.

The language is introduced by describing a simple sequence,
first in conventional sequential logic control and then in micro-
program control. A simple, microprogram controlled computer is
then described. The description shows the configuration, the
microprogram itself. Results of the simulation of these examples

are partly shown.



A Higher-order Language for Describing

Microprogrammed Computers

1. Introduction

The idea of microprogramming (or microprogrammed Computer
or microprogram controlled computers) was first conceived in 1951
(1, 2, 5, 8). The early microprogrammed computers were mostly de-
signed and constructed to make one computer to behave like several.
Today, most of the computers manufactured are microprogrammed com-
puters. However, microprogrammed computers of today are designed
and constructed to make a family of computers to behave 1like one.
In either case, it is an application of the original idea that the
sequencing of the built-in micro-operations can be changed by
changing the microprogram.

Microprogramming is an art of specifying the controls of
all the built-in micro-operations into sequences for the purpose
of performing complex logical, arithmetic and other functions.

The ideas of Toops, subroutines, multiprocessing and multiprogram-
ming in the conventional programming can be and have been applied
in microprogramming.

Recently, there has been\a}grewing, renewed interest in micro-
programming. One important reason of this renewed interest is
that the microprogram in a microprogrammed computer becomes a
bridge between the software and hardware designers. By means of
this bridge, behavior of a microprogrammed computer can be, to

some extent, altered (18) without resorting to hardware changes.



A microprogram is an array of 1's and 0's. Like the prep-
aration of programs of early digital computer, preparation of a
microprogram is fraught_with error. When it is prepared, the
meaning of the array of 1's and 0's is difficult to be understood,
Therefore, the idea of'describing the microprogram by a higher-
order algorithmic language and generating the microprogram by
compilation is applied. This report applies a higher-order
algorithmic language (16) to the description of microprogrammed
computer. A simulator has been constrﬁcted and is now available
(22). Once the microprogrammed computer is described by the
higher-order language, it is punched into a deck of cards and
the paper ‘computer is ready for simulation.

We shall first introduce this higher-order language by des-
cribing a serial complement sequence. Then, a microprogrammed

computer is described by this higher—0rder language.



2. A Serial Complement Sequence

This sequence serially complements every bit of a word
stored in a shift register. This sequence is first described
by sequential logic control and then by micro-programmed control.

2.1 Sequential logic control

A configuration for carrying out this complement sequence
is shown in Figure 1. Register A is the shift register when the
word is stored. When register A is being shifted one bit to the
right, the contents of bit A(1) at the right end of the register
are complemented by a logical NOT block and then transferred to
bit A(10) at the left end of the register. After complementing
and right-shifting in this manner ten times, each bit of register
A is complemented. Counter C counts the number of times. Counter
T and clock P generate the control signals. Switch START initializes
the necessary operations for the sequence, and light FINI indicates
the completion of the operation. This configuration can also be

described by the following statements:

Register, A(10-1), $shift register
T(1-3), $control register (1)
c(0-3). $counter
Switch, START(ON) $start switch
Light, FINI(ON,OFF) $completion indicator
Clock, P

The sequential operations of the complement sequence imple-

mented by the configuration of Figure 1 can be described by the



sequence chart shown in Figure 2. As shown, when switch START
is turned to the ON position, counter C is reset to 0 and light
FINI is set to the OFF condition. Then, the complementing and
right-shifting operation is performed and at the same time
counter C is incremented by 1. Counter C is next tested for a
value of 10. If the value is not 10, the complementing and
right-shifting operafion and counter incrementing operation are
again performed. Counter C is again tested. This process con-
tinues on until counter C reaches a vaiue of 10; by then, each
bit of register A is compTemented. Light FINI is then turned
to the ON condition and the sequence is terminated.

The above described sequential operations can be described
by the following statements:

/START(ON)/ Ce=—0, FINI+—OFF, T«—100

/T(1)*P/ A«——A(])'-A(10-2), C<«=countup C, T(1,2)«~—01 (2)

/T(2)*P/ IF(C=10) THEN (T(2,3)«—01) ELSE (T(1,2)«—10)

/T(3)*P/ FINI«~—ON

END

In the above description, counter T is a ring counter for
generating the control sequence. When bit T(1) is 1 (but not
other bits of register T), micro-operations for complementing,
shifting and incrementing are performed. When bit T(2) is 1,
counter C is tested and sequence branched. When T(3) s 1, 1ight
FINI is turned to the ON condition. Since there is no micro-
operation to change the contents of register T when T(3) is 1,

the sequence will continue to execute to turn Tight FINI to the



ON condition each time the clock signal occurs.

It shoh]d be notéd from the above description that, exclud-
ing the micro-operations to be activated manually by switch START
and the micro-operations involving with register T, there are
four micro-operations as listed below:

A <— A(1)'-A(10-2)

C <= countup C G)
FINI <— ON

IF (C=10) THEN (..... ) ELSE (..... )

As will be shown, more micro-operations are required in the case

of microprogrammed control.

2.2 Microprogram control

The sequential operations of the above complement sequence
may also be controlled by means of a microprogram stored in a
control memory. Let the control memory be named CM; its address
register and buffer register be named H and F respectively.
Figure 3 shows a configuration for executing a serial complement

sequence by microprogrammed control which is described by the

statements
Register, A(10-1) $shift register
c(0-3), $counter (4)
H(0-2), $address register
F(0-8), $buffer register

Memory CM(H)=CM(0-7,0-8) $control memory



Switch, START(ON) $start switch
Light, FINI(ON,OFF) $completion indicator
Clock, P(1-2) $clock source

The above configuration replaces control Register T in the
configuration of Figure 2 by Control Memory CM and registers H
and F. A two-phase clock is used. They require three micro-
operations as listed below:

F <«— CM(H) (5)

H € countup H

IF (C=10) THEN (H <~ countup H) ELSE (H.<— F(0-2))
The first micro-operation reads a word from the control memory to
the buffer register F. The second micro-operation increments
register H by 1. The last one is a conditional micro-operation
which tests and branches the sequence; this micro-operation re-
places the similar one in the statements (3). There are six micro-
operations altogether.

Each word in the control memory is called a control word (also
called a micro-instruction) which consists 6f ‘7 bits. The format
of the control word is shown in Figure 4. Bits F(0-2) is an address
field for the H-register. Each of the remaining six bits is as-
signed to one of the six micro-operations. When bit F(j) where j
is 3 through 8 is 1, the control signal for the jth micro-operation.
is commanded. Since more than one F(j) bits can be 1, more than
one micro-operations are possible. This is one way that parallel

micro-operations are described. Several examples of the control



word are shown in Figure 5. Thevcommas in Figure 5 serve the
purpose of better readability and they do not actually exist.
These three control words, as will be described, actually consti-
tute the microprogram for the complement sequence.

The sequential operations of the complement sequence imple-
mented by the configuration in Figure 3 are described by the state-
ments:

Comment, start the complement sequence

/START(ON)/  He—0, C+—0, FINI+—OFF, F«—040 (6)

/F(3)*P(2)/  Fe=mCM(H)

comment, complement and shift

/F(7)fP(1)/ A«—A(1)'-A(10-2)

/F(G)fP(l)/ C<«—countup C

JF(5)*P(1)/  He—-countup H

JF(3)*P(2)/  F<=—-CM(H)

Comment, test and branch

/F(8)#P(1)/ IF (€=10) THEN (H<=—countup H) ELSE (H«—F(0-2))

/F(3)*P(2)/  Fe—CM(H)

Comment, completion indication

/F(4)*P(1)/  FINI<«—ON

END
The above description is divided into four groups. Each group is
headed by a comment statement and carries out the micro-operations
in each of the four blocks in the sequence chart of Figure 2. The
first comment statement refers to a group of micro-operations, de-

scribed by the two statements directly below this comment statement,



to initialize the execution of the sequence when switch START is
turned to the ON position. These micro-operations reset registers
H and C, turn 1light FINI to the OFF condition, and set register

F to 0408 to command the micro-operations of reading a word out of
the control memory. Thg second comment statement refers to the
four micro-operations described by the four statements directly
below this comment statement; this group of micro-operations are
those specified by the first control word 0564 in the control
memory shown in Figure 5. This contro]-word consists of four 1's
each of which commands one of fhe four micro-operations (complement
and shift, increment C, increment H and read the memory). The
third comment statement refers to the micro-operations specified
by the second control word 0418 in the control memory. This con-
trol word consists of two 1's each of which commands one of the
two micro-operations (test-branch and read the memory). The last
comment statement refers to the micro-operation to turn on light
FINI as specified by the third control word 0204 in the control
memory. Thus, statements (6) describe the operations of the se-
quence specified by the control words in the microprogram.

The execution of‘the microprogram is described by the sequence
chart in Figure 6. In this chart, there exists a loop in which
there are as many branches as the number of micro-operations. Dur-
ing each cycle of the loop, one or more micro-operations specified
by the control word are executed during the first clock phase, and

another control word is read out of the memory during the second



clock phase. The next control word is located either by in-
crementing register H or by transferring the address in bits
F(0-2) to the H register. The speed invexecuting the loop is at
present one serious limitation on the speed of microprogram con-

trolled computers.
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3. A Micro-program Controlled Computer

Having introduced the language for describing microprogram
control logic, we now proceed to describe a simple, microprogram-
controlled, stored-program computer.

3.1 Configuration

The configuration of the computer is shown in Figure 7. The:
computer has a random access memory M with address register C and
buffer register R. The memory has a capacity of 4096 words and
each word has 18 bits. There are program register D, arithmetic
register A, start-stop control register G and switches START, STOP
and POWER. For microprogram contko1, there is control memory CM
with address register H and buffer register F. This configuration

is described by the following statements:

Register, R(0-17}, - $buffer register for memory M (7)
A(0-17), $arithmetic register
c(0-11), $address regisier for memory M
D(0-11), $program register
F(1-18), $buffer register for memory CM
H(1-5), $address register for memory CM
G $start-stop control register
Subregister, R(OP)=R(0-5), $op-code part of register R

R(ADDR)=R(6-17), $address part of register R

F(ADDR)=F(1-5) $address part of register F
Memory, M(C)=M(0;4095,0-17) $main memory

CM(H)=CM(O—31,1-18) $control memory
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Switch, POWER(ON) , $power switch
START(ON), $start switch
STOP(ON), $stop switch

Clock, P(1-3) $three-phase clock

As shown above, the clock P is of three phases. Register G is
of single bit.

3.2 Description of the sequential operations

The instruction format consists of a 6-bit op-code field
and a 12-bit address field. The instruction set consists of in-
structions. CLEAR-ADD, ADD, SUBTRACT, STORE, JUMP, JUMP-ON-MINUS,
SHIFT-RIGHT=ONE~-BIT, CIRCULAR-LEFT-SHIFT-ONE-BIT, and STOP. Each
instruction is implemented by a sequence similar to the previously
described complement sequence. These sequences are called exe-
cution sequences. For example, the steps for the ADD sequence are:
step 1, R +— M(C) (8)
2, A <«— A add R, H <« F(ADDR)
3, C <D, F+«- CM(H)
In addition, a fetch sequence is required. The steps for the
fetch sequence aré:
step 1, R «-- M(C) (9)
2, H «-- RkOP), C <-- R(ADBR), D «-- countup D
3, F <«-- CM(H)
When all these sequences are specified, the format of the control
word is chosen, and the control function for each bit of the con-

trol word together with the clock phase is next assigned to form



- 12 -

the éontro] signals. The format of the control word and the as-
signment of the control function are shown in the upper portion
of Figure 8. With these control signals, the sequential operations
of the computer can now be described by the statements:
Comment, start computer operation (10)
/POWER(ON)/  G«--0, F«--0, H«--0, C+--0, D«--0
/START(ON)/  Ge=-1, F(8)«--1
/STOP(ON)/ G+--0
COMMENT, FETCH SEQUENCE WHEN H=0
/F(6)*P(1)/  R«--M(C)
JF(7)*P(2)/  H«--R(OP), C<R(ADDR), D<--countup D
JF(8)*P(3)/  IF(G)THEN(F<--CM(H))ELSE(H«--0, C<--0, D«--0, R«--0)
COMMENT, ADD SEQUENCE WHEN H=1
C/F(6)*P(1)/ R«--M(C)
/F(11)*P(2)/ A<--A ADD R
/F(9)*P(2)/ He--(ADDR)
/F(9)*P(3)/ C<«--D, F<--CM(H)
COMMENT, SUBTRACT SEQUENCE WHEN H=2
C/F(6)*P(1)/ R«--M(C)
/F(12)*P(2)/ A<--A SUB R
C/F(9)*P(2)/ H«--F(ADDR)
C/F(9)*P(3)/ C«--D, F<«--CM(H)
COMMENT, JUMP-ON-MINUS SEQUENCE WHEN H=3
/F(14)*P(1)/ IF (A(0))THEN(D«--R(ADDR))
C/F(9)*P(2)/ H«--F(ADDR)
C/F(9)*P(3)/ C<--D, F«--CM(H)
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COMMENT, STORE SEQUENCE WHEN H=4
JF(10)*P(1)/  Re--A
JF(10)*P(2)/  M(C)<--R

C/F(9)*P(2)/  H<+--F(ADDR)
C/F(9)*P(3)/  Ce=-D, F<--CM(H)

COMMENT, JUMP SEQUENCE WHEN H=5

JF(13)*P(1)/  D<--R(ADDR)
C/F(9)*P(2)/  He--F(ADDR)
C/F(9)*P(3)/  Ce=-D, Fe--CM(H)

COMMENT, SHIFT RIGHT ONE-BIT SEQUENCE WHEN H=6

JF(15)*P(1)/  A<--A SHR A
C/F(9)*P(2)/  He--F(ADDR)
C/F(9)*P(3)/  C<=-D, Fe--CM(H)

COMMENT, CIRCULAR SHIFT LEFT ONE-BIT WHEN H=7

JF(16)*P(1)/  Ae--A CIL A
C/F(9)*P(2)/  He--F(ADDR)
C/F(9)*P(3)/  Ce--D, Fe--CM(H)

COMMENT, CLEAR ADD SEQUENCE WHEN H=8
C/F(6)*P(1)/ Re--M(C)
[EQ17)*P(1)/  Ae-=0
C/F(11)*P(2)/  A<--A ADD R
C/F(9)*P(2)/  He--F(ADDR)

C/F(9)*P(3)/  Ce=-D, Fem-CH(H)

COMMENT, STOP SEQUENCE WHEN H=9

J/F(18)*P(1)/  Ge=-0
C/F(9)*P(2)/  H<«--F(ADDR)
C/F(9)*P(3)/  C«--D, F«--CM(H)

' END
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In the above description, there is a letter C which occurs at the
first position of some of the statements. The presence of letter
C at the first position of a statement makes the statement a com-
ment statement. Those statements with letter C are actually not

needed as far as the completeness of the description is concerned.
The insertion of these redundant statements makes the description

of the microprogram more comprehensible.

3.3 Microprogram

As shown, the above description is divided into eleven groups.
Each group is headed by a comment statement and carries out the
operations specified for a sequence. One group is for a start
sequence, another for a fetch sequence, and each of the remaining
group is for one of the nine execution sequences for the nine in-
structions. Except the micro-operations in the first group which
are controlled manually, the micro-operations in each group are
controlled by one control word; this is possible for the ten se-
quences under the microprogram control. The ten control words in
octal numbers are shown in Table 1.

In examining the above statement description of the computer,
there are 22 micro-operations. If one control bit is assigned for
each micro-operation, as in a manner shown in Figure 4, the control
word would require 22 control bits plus address bits or a total of
27 bits. For a practical computer, the number of micro-operﬁtions
will be much larger, and the word length for the control word will

be much too long. Therefore, it is desirable to find ways to re-
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duce the length of the control word. A few is to be mentioned
here. However, the reduction so achieved is at the expense of

flexibility of microprogram control.
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Table 1, Microprogram

Control
Memory
Address

Control Words
(Octal numbers)

W 00 N G B W N - O

016 000
011 200
011 100
001 020
001 400
001 040
001 010
001 004
011 202
001 001
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Instead of a total of 27 bits, the control word in Figure 7
has a word length of 18 bits. This reduction is achieved by
grouping micro-operations under one control signal. For example,
as shown in Figure @, three micro-operations are grouped under
control signal F(7)*P(2); this is possible because they occur at
the same time. But this reduction gives up the use of each in--
dividual micro-operation when such a use occurs. The reduction
is also achieved by grouping under one control bit those micro-
operations which can take place in the phases of one clock cycle.
For example, as shown in Figure $, micro-operation H«--E(ADDR)
at clock phase P(2) and micro-operations C«<--D and F<--CM(H) both
at clock phase P(3) can be grouped under control bit F(9). This
reduction again 1limits the individual use of each of these micro-
operations.

Another possible way of reducing three control bits of the
control word in Figure % is as follows: The six control bits
F(13-18) are replaced by three bits F(13-15) and a decoder which
is attached to these three bits. Let the decoder be specified
by the decoder statement,

Decoder, K(0-5)=F(13-15)

The six terminals of the decoder are K(j) where j is equal to
0 through 5. The six new control signals are: K(0)*P(1)....... ,
K(S)#P(l). This reduction is possible because only one of the
six micro-operations occurs at any one time. But the use of de-
coder limits the possibility of using more than one of these six

micro-operations at the same time when such a need arises.
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4. Simulation

A simulator which accepts the computer organization described
in the CDL has been constructed (2 ). Statements (1) and (2) for
the serial complement sequence by sequential logic control are
punched into a deck cards,‘and the 1isting is shown in Figure 9.
Statements (4) and (6) for the serial complement sequence by
microprogram control ére similarily punched_and listed in Figure
11. Statements (7) and (10) fof the miﬁroprogram controlled com-
puter are punched and listed in Figure 13. Sample outputs of the
simulation runs for the three simulations are shown in Figures 10,
12 and 14 respectively. The reader can trace the contents of the
registers énd other elements clock by clock and statement by state-
ment.

The first eleven lines in Figure 9 and the first twelve lines
in Figure 11 are control cards’for the translation phase of the
simulation. The last ten lines in Figures 9 and 11 are control
cards for the execution phase of the simulation. In this execution
phase, the desired output from the printer is specified. For ex-
ample, the *OUTPUT statement in Figure 9 specifies that the contents
of the registers\A, T, C and FINI are printed at every clock. The
outputs shown in Figufes 10, 12 and 14 are the results of such out-
put statements. ‘

The statements in the 1istings of Figures 10, 12 and 14 have
slight differences from statements (M, (2), (4), (6), (7), and (10).

These differences are enumerated below.
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(a) A1l letters have to be capital letters

(b) Subscripts are octal number instead of decimal numbers.

(c) Comments such as $buffer register...at the end of a statement
are not permitted.

(d) First position of statement is not used except a letter C to
indicate the statement is a comment statement.

(e) Operators <--, =, countup, cil, shr, add, and sub are replaced
respectively by =, .EQ., .COUNT., .SHR1., .ADD. and .SUB..

It is apparent that these differences are due to the limited char-

acter set of the key punch or to the conveniénce in the construction

of the simulator.

In Figure 13, the last eleven cards are the control cards for
the execution phase of the simulation. Notice the *LOAD card
which loads a test program in the language of the descripted com-
puter into the memory. This is a machine language program. Both
this program and its symbolic program are shown in Table 2. This
test program includes all the available nine instructions of the

computer.
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Table 2, Test Program

Memory

Memory Word

Symbolic
padress )| fonsenss
0 100 100 CLA 64
1 010 101 ADD 65
2 040 102 STO 66
3 070 000 CLS 0
4. 030 006 JOM
5 050 003 JMP
6 040 103 STO 67
7 020 102 SUB 66
8 060 060 SHR 0
9 110 000 STP 0
64 000 001 1
65 100 001 -31
66 000 000
000 000

67
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Fig. 7, Configuration for a simple stored-program computer



Note, H = control memory address
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The control word format and the microprogram.
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$188YS

D HOUNT TAPE 2387 CN A9s RING OUT
b #* SAVE
PPAUSLLE
SATTACH A9
bAS SYSLB4&
PREwINU SYSLbs
SEAECUTE USER
SID CUYANGs Beo*¥C01/01/125%24%100P*TS
$CUL3
STRANSLATE ’
EMAIN
C
CUMMENT wExEA SERIAL COMPLEMENT SEQUENCE
C
REGISTER s A(1l2=1)s T(1-3)s ClU=-3)
REGISTLR FINI
SWITCis START{ON)
CLOCK s P
/START(ON) / T=4s FINI=0s C=0
/TCLY#*P/ Al12=1)=A(1)'=A(12=2)s (=CeCOUNTas T(ls2)=1
/T(2)1%P/ IF (CebQel2) THLN (T(2e3)=1) ELSE (T(1s2)=2)
/T(3)%P/ FINI=1
END
$SIMULATE

*QUTPUT CLOCK(1)=AsTsCsFINI
#SWITCH 1+sSTART=0ON

*LOAD

A=T7C"’
*SIM 303
*RESET CYCLE
'
$IBSYS
$RESTORE

Fig. 9 Listing of the description of a serial complement
- sequence in sequential logic control



CUTFUT CF SIMULATICN

SWITCE INTERRLPT

LRSS RS S R EES R LR EEER LR RS LR R n

L]

START = CA
B = 4.CT7CT7 T T eseeeh C = +sa0eCC FINI = es0eel
oo ok ok % ok ook o o ok ok b kol ok o ook ok o ot ok o ok ok o ok o ok sk ok oo o ol ook ok o ok ko ok ok ]
LABEL CYCLE 1 ) TRUE LABELS CLCCK TIME 1
JT(1)%P/
A = ..0343 T = ceneeld C = oassell FINI = censel
***********************#***#**#**********************
LABEL CYCLE & ~ TRUE LABELS CLCCK TIME 2
/T(2)%P/
A = ,.C343 T T caseet C = osasnell FINI = cesesl
o o o o o o ok o o 3 o s ok o 3 b ool o ok ot o ok ok ook ok ok ok ok ok o e o ok o ol o ok ook ol e ok o ool ok o ok ok
LABEL CYCLE 2 TRUE LABELS CLCCK TIME 3
© /TL1)*P/
A = ,.Clé1 T = obonqz . C = ceeeC2 FINI = eeesel
ook o kokokodek koo lkode ko ok ok bk ko kok ok okok ko Rk kS h ok kkhk
LABEL CYCLE 4 TRUE LABELS CLCCK TIME 4
- . JTUZ) %P/ | '
A = ..Cl¢€1l T = sesosh C = ,seesC?2 FINI = acesel
***************#**********************************#**
LABEL CYCLE £ ' TRUE LABELS CLCCK TIME 5
/TULV*P/ -
A = o.CC70 T = seceal C = ,e00eC3 FINI = cceeel
o 3 ol o o e e o o o o ok 3k ok o sk sk ok ke o o ok ook ol ok ok ol o ok o o e o ook ok o ok ol o o o o ol ok ke Xk
LABEL CYCLE € TRUE LABELS CLOCK TIME 6
‘ , /T(2)y*P/
A_= 2+« CLCT0 T = 000004 . C = ....CB FINI = se0e¢el
********************#********************************
LABEL CYCLE 1 TRUE LABELS CLCCK TIME 7
: /T(1)*P/
A = ..1024 T = eceeold C = cossCh FINT = ceeeel
L322 P SRR R RS S R R SRR R R R R R RS R LR
LABEL CYCLE ~ "8 o TRUE LABELS CLCCK TIME 8
| | /T(2)%P/ | .
A = L,,1C24 T =.onoo.4 C = ,00+C4 FINI = cecsesel
B o e e ol o o o ool ol ok ok sk b ko okl ok sk ko ok ok ok b ek ok ke Aok ekl kol o ok ok sk ok k ok ok ok ok
LABEL CYCLE S IO TRUE LABELS CLOCK TIME S
/T(L)Y*P/
A —voolélb T = sse0:?2 C = .eseC5 FINI ?»oqo «C
***************************************************** .
LABEL CYCLE 1€ . TRUE LABELS CLOCK TIME 1cC
/T(2)*p/ .
B = ..1416 T = aseech C = 4e0sC5 FINI = sceeel
**************************************************#**
LABEL CYCLE 11 TRUE LABELS ’ CLCCK TINME 11
/T{LY*P/ f' . ’
A = 2.1€6C7 T = c0seel L = cenelt FINT = c0eeel
ool o o e o ook o ofeole o e ek ob ek ok sk ok o e o o ol o o ok ok s o ok o ofe o ofe o ke ok sdeofe ko o o o ok o o ok ok .
LABEL CYCLE 12 TRUE LABELS CLCCK TINME 12
o o [T(2y*pP/
A = ,.16C7 T = ecsesed
2SS EEP SRS RSP LRSS ERSESELE SRR T R R Fig.lok_out
LABEL CYCLE 12 TRUE LAE put of similation of
JT(L)%P/ of the program in Fig. 9
A = .C7C3 T = ecesel



PIBSYS

b% MCUNT TAPE 1238 ON A9s RING OUT AND 5AVEs THANK YQOU
PPAUSE
SATTACH A9
$AS 5YSLba
$REWINU SYSLb4
BLXECUTE USER
51D OUYANG Bes®¥0U1/01/125%2M%100P*T$
$COL2
HBTRANSLATE PRINT
*MAIN
CUMMERNT #% ¥ K4 CRU=-PRUGKAMMED CUNTR(L OF A
COMMENT SERIAL COMPLEMENT SEQUENCE
s
REGISTER AL12=1)s C(U=3)s H{0O=-2)s F{0=-10)
REGISTER FINI
MEMCRY » CMIH)=CMI0=T7s 0=10)
SWITCHo START (ON)
CLOCK » P(2)
C
COMMENT #%%%#START THE COMPLEMENT SEQUENCE
FSTARTICIN)/ H=0s C=0s FINI=z0s F=04C
/FL 3)%¥P(2)/ F=CM ()
C
COMMENT *¥% X% COMPLEMENT AND SHITT
JEC TY%®P(1)/ ACL2=-1)=A(1)r=A(12=2)
/JEC 6)Y%P(L)/ C=CeCOUNT
/EC B5)%P(1)/ H=He COUNT,
C/F( 3)%P(2)/ F=CMir)
C
CCMMENT *¥HRRTEST AND BRANCH
/FL101%P(1)/ IF (CoebEWal2) THEN (H=HeCOUNTS)
ELSE (H=F(0=2))
C/FL 3)%P(2)/ F=CM(H)
C ' \
COMMENT *¥#XCOMPLETION INDICATION
/FL a)%P(1)/ FINI=1
END
$SIMULATE
®*QUTPUT CLOCK{(1)=AsCoaHoFsFINI
*SWITCH 1sSTART=0ON
#LOAD
A=707s CM(0=3)=56341920+0
*SIM 15093
¥RESET CYCLE
)
$IBSYS
SRESTORE

Fig. 11 Listing of the description of a serial complement
sequence in microprogram control
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c %% A SIMPLFE MICROPROGRAMMED COMPUTER

c
RFRTISTFRy R(0O-21%s A(O=21)y C(O=13)s D(0O=14)>
1 F{1-22)s H{1=8), G
SURRFGISTFR, R(OP)=R(1=5)s R(ADRSI=R(6=21)s F(ADDR)=2F(1=5)
MFMORY o M{C)=M{O=TTTT7s 0=21)9s CM(H)2CM(N=1331=22)
SWTITCH, POWFR{ONY 9 START(ONYs STOP(ON)
CLOCK s P(2)
C .
COMMENT START COMPUTFR OPERATION
c
/POWFR{ONY / G=0s F=0y H=Dy C=03 D=0
JSTART(ONY / G=Els Fl1N)=1
/78TOP(ON)Y / G20
c
COMMFENT FFTCH SFOUFNCF WHFN H=0
c
/FL &yn0(N) /) RaM(C)
/EU TY*PL1)/ H2R(OP)e C=2R(ADRS) s D=DeADDs1
JEL10Y%P(2)/ IF (G) THFN (FeCM(H)) FLSE (H=0s =0y D=0y R=0)
c
COMMFENT 3 ADD SFQUFNCE WHEN H=1
c A
C/F( 6)%P(N)/ R=M{ ()
JE(13)%P (1Y / A=A ADDeR
/FL11Y%0(1) 7 H=F ( ADDR)
/E(11)Y%P(2)/ C=Ny F=CM(H)
c ‘ _
COMMENT o SURTRACT SFQUFNCF WHEN H=2
¢ .
C/F{ &)Y%P(D)/ R=M(C)
/Ft14Y%P (1) / AzAes SUBeR
C/F{11)»P 1)/ HeF { ADDR)
C/Et111#P(2Y CsDy FaCM{H)
c ‘
COMMENT o JUMP=ON=MINIS SFOUFNCE WHFN H=13
c )
/FL1632P(0Y/ IF (A(DY) THEN (D=R({ADRS))
C/E(11)%P (1Y / HaF { ADDR)
C/F(11Y%P(2)/ C=Ns F=CM({H)
c
COMMENT o STORF SFOUFNCE WHEN H=4
C .
/FL12)#P(0)/ R=A
/FL12)V%P 1)/ M{CY=R
C/F(11y%P (1Y / H=F ( ADDR)
C/FEL11)%P(2)/ CaDy F=CM(H) Fig. 13 Listing of the description
¢ of a microprogrammed computer
COMMENT o JUMP SFOUFNCE WHEN H=5
c ' .
/F(15)%P(0)/ N=R({ADRS)
C/Ft11Y%P (1) /7 HeF { ADDR)
C/F(11)=P(2)Y/ Cahy, F=CM(H)
c
COMMFNT » SHIFT RIGHT ONF=BIT SFQUFNCE WHEN H=6
C
/F(1T7)%P(0)Y/ A(D=21)1=0m=A(0=20)
C/F(11Y%#P(1)/ H=F { ADDR)
C/F(11)#P(2)Y/ C=fhy F=CM(H)
c

COMMENT o CIRCULAR SHIFT LFFT ONF=-RIT WHEN H=7



e Rtn

JEL2C)1#D(N)/ AN=21)=A(1221)~A(0)
C/E(T11)1%P (1) /2%x  H=aF(ADDR) %%
C/F(11Y%P(2)Y/ C2Ny F=CM{H)

(

COMMENT o CLFAR AND SFQUENCF WHEN H=8
(" .

C/F( B)%P(N)/ R=M(C)

IE(21)Y%D (Y / A=0 7
C/F13Y%P (1Y / A=A, ANNGR
c/=(11)#0(1)/ H=F({ ADDRY)
C/ECT11YRO(2)/ C=N, F=CM{H)

r
COMMENT &TNP SFOUENCF WHFN H=11

/FLo2y%D (")) G=0 :
C/F(11Y%P(1)/ H=F { ADDR)Y
C/E(11V%#P(2)/ C=fy F20M{H)

FND :

RSIMIILATF
*#OHTPUT LARFLI(YL) =POWFR sSTARTsRsFsAsCaGsDeHIMI101)¢M(102)sM(103)
#SWTTOH 1 s OOWEFR=ON
2SWTTOH 4 s 8TART=0N
2L OAD ;
CM(NmT) =N160NN0s011200,N01110Ms001020,0014004001N4N4N01N10s001004
CM(10=11)=0112025001001%
M(OmlO)=100100,010101,0401029O7ﬂﬂ00p030006,0500ﬂ39040103902010290600009
M{11)=2110000Cs M{100~-103)=000001 5100001000000 ¢NONN0OND
*8 fwm 11243
2*RFEGFT CYCLF

Fig. 13 continued



